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INTRODUCTION • . 
The purpose of this research project was to obtain 
data and determine whether or not a correlation exists be-
tween tower size and the overall mass transfer coefficient 
for a packed tower. A constant ratio of tower diameter to 
packing diameter of twelve to one was maintained. Three 
. 
absorption towers were us~d; a twe1v~ · inch diameter iron 
tower, a six inch diameter iron tower, and a three inch 
diameter glass tower~ &ne inoh, one-half inch, and one-
fourth inch Raschig rings were used in the corresponding 
towers as packing. The system used was the absorption of 
acetone by water f~om an acetone-air mixture. 
There is great -need for this type of work as can be 
illustrated by t}le following statement by Landau, Joris, 
1 
and Elgin 
1.-· taii<tau, :toris, and !igin, Chem. !ng. PrQ_g~ :; . M; . 315 
(1948). 
"The need for certain types of additional data is, there-
fore, very great, and the following gaps, based on this 
study·, are suggasted: ---- 5). comparisons · between data 
taken in small towers using small packing (to preserve a 
1 
t'a tio of diameter of' tower to paol{:ing diameter of at least 
10), and ~ata obtained in larger systems using the same 
flow rates, etc~, employing the correlations ·developed." 
A .lot of work has been done in the past in the :field 
of absorption, but it has been done on somewhat a random 
basis, such as using different size columns and packings. 
It is hoped that this work will help to correlate all past 
data and al.so open up new fields of research al.ong these 
lines. 
It Was felt that if a definite relationship between 
the tower size and the overall absorption coefficient does 
$xist, it woul.d be an invaluable aid in the design of a 
commercial size absorption column from data taken from a 
laboratory size or pilot plant unit. This is very import-
ant from the standpoint of design, since it is beneficial 
to keep the number of safety factors as smal~ as possib1e, 
thereby reducing the initial cost o:r the equipment~ 
2 
In the determination o:r the overal.l mass t~ansfe~ coef-
ficient .Kga, a material balance check of the runs was first 
made. This was done by use of the equation 
where 
G = mass rate of flow of air in lb. moles/ (hr ~ ) (sq. :rt.) 
L = mass rate of flow of water in lb. moles/ (hr.) (sq. ft.) 
y 
= mol ratio of acetone to air 
X = mol ratio of acetone to water 
After the material balance was made and the values of 
Y and X chosen for calculation of Kga, the equation 
G(Y1 - y 2} = Kga Sl{6Y)~ 
was used to determine Kga. where 
S = cross sectional area of the tower, sq. ft. 
1 = height of packed section of tower, .ft. 
3 
6Y1m = log mea n driving force as determined by the distance 
of the operating line from the equilibrium curve on 
a plot of Y vs. X. 
After the values of Kga were determined, they were plot -
ted vs. tower diameter to determine whether or not a cor-
relation existed. 
REVIEW OF LITERATURE· 
Although a lot of work has been done previously on 
allied fields pertaining to the mass transfer coefficient 
in absorption, no one has ever tried to correlate Kga with 
the size of the equipment used. Hutchings, Stut~n, ·and 
2 
Koch confirmed the fact that the gas fi1m coefficient 
2. Hutchins; Stutzman, and Koch, Ohem. Eng. Prog., ~~ 
.253 (i949). 
varied with the gas velooity to the 0.8 power and also 
varied with the size of packing. They also found that the 
gas film coefficient varied with the liquid rate. Althougn 
they used three different size tower sizes, they made no- at-
tempt to determine how Kga. varied with tower size. 
An article on limiting capacity of dum~ed tower packing 
was written by Lobo. Friend, Hashmall, at?-d zenz3 w~ich gives 
3. Lobo, et. al., Trans. Am. Inst. Chem. Engrs., 4i. 693 
. (i94$). 
4 
however, with very small packi~ and cannot be relied upon 
for quarter-inch Raschig rings in a three inch packed tower. 
Their ~ata and ·results were used for the calculation of 
flooding velocities for the six inch and twelve inch towers. 
Scheibel and Othmer4 have presented the results of some 
4. Scheibel, E. G. and Othmer, D. Y., Trans. Am. Inst. 
Cham • . Engrs., .40., .611 (1944}. 
~
experimental work .in which acetone was absorbed in water in 
an investigation to determine rates of gas absorption as 
a function of diffusivities and flow rates. These authors 
have presented recent data on the equilibrium of acetone in 
aqueous solutions. Their method of handling ac·etone and 
their technique was studied and found to be helpful. They 
recommended the use of Messinger's meth~ 5 for the analysis 
of acetone in aqueous solutions. This method was used in 
5~ Goodwin, L. F~, ~~ Am. Chem. Soc., ~ 39 (1940). 
the present investigation and found to be satisfactory, al-
though some trouble was encountered at first until the tech-
nique was mastered. The acetone equilibrium data used by 
these authors was originally pr·esented by Othmer, Kollman, 
. 6 
and White. Several previous investigators had presented 
equilibrium data on the system, e. g., Hartely7 and Beare, 
MCVicar, and Ferguson8 • Since Othmer, KolLman, and Whites' 
data W,8.J,'e .the m~re r~oent, it was USed· .in th·iS invest.igaticm, 
•<L' .... _, 
,~, 
5 
for the determination·of the overall mass transfer coef-
ficient. 
6~ othmer 1 Kollman, and Wh.ite, Ind. Eng. Chem., 36, 963 (1944!. ; 
7. Hartely, Trans. Faraday Soc., 27:, part :!,.l, 26 (1931). 
s: Beare, ~Vi~ar, and Ferguson, J. Phys~ Ohem., ~ 
191<;> ' ( 1930). 
The three sizes of towers chosen for this work were 
three inch, six inch, and twelve inch diameter towers. 
'\ 
The twelve inch tower was available, and only moderate 
changes had to be made in it~ The other two had to be built, 
as well as the auxiliary equipment for the absorption 
of acetone. 
The six inch tower was constructed from nominal six 
inch iron :pipe, cut into lengths of four and one-half feet 
each. To each of these lengths, six inch welding flanges 
were welded to each end to form two sections, each being 
five feet in length. Only one section was used in this 
work, since both sections would form too long a packed 
section, thus causing complete absorption of the acetone as 
the vapor passed up through the column. Since it was es-
sential to have an exit gas concentration of acetone in 
·order to measure the amount of absorption at dirferent 
rates, the other se.n.tion . of the t .ower was constructed for 
pos·sible future use 1n pressure drop measurements. 
6 
The top of the six inch tower was constructed by 
w·elding a six inch flange to a short piece of six inch pipe, 
two inches in length. This produced a top section six inch-
.es high. The top end of the pipe vvas sea·led by vveld ing a 
piece of one-fourth inch sheet iron to the pipe. A two 
inch coupling was then welded to the center of the plate to 
form the gas outlet connection. A one-half inch coupling 
was welded to the side and at the top of the short section 
to form the inlet water connection. 
The foot section of the six inch tower was made by 
welding a flange to a piece of six inch pipe eight inches 
long. The other end of the pipe was sealed in the same man-
ner as the top section. A two inch coupling was welded into 
the side four inches from the bottom to form the gas inlet 
connection. A one inch coupling was welded to the bottom 
and on the other side of the pipe from the gas inlet connect-
ion . to form the outlet water connection. Three lugs were 
welded to the inside of the flange one inch from the base 
of the flange to form the support for the packing support 
plate. A piezometer ring was formed by welding three one-
fourth inch couplings into the bottom section, directly be-
low the support plate lugs. Close nipples and quarter -
inch tees formed the connec~ions for the copper tubing:.and 
fittings used to form the piezometer ring; similar piezo-
meter rings were constructed at the top and the bottom of 
the five foot sections. This allowed pressure drop measure-
meats to be taken across the whole length of the tower and .. 
7 
and also across the support plate. 
The twelve inch tower's end sections were constructed 
in a similar manner. To both top sections, fittings were 
installed so that a one-half inch shower spray nozzle could 
be attached to provide good distribution of the liquid. 
Th-e acetone vaporizer was constructed by welding a 
su inch :flange to a section ~f six inch nominal pipe three 
feet long. The bottom was formed by welding a quarter-inch 
iron plate to the pipe. Two three-quarter inch couplings 
were welded into the plate for the two heaters used to vaJ;mr-
ize the acetone. Bhree-quarter inch couplings were welded 
into the side of the tank for a sight glass. A quarter 
inch coupling was welded into the side of the tank at the 
bottm for the feed and drain connection. ,The top of the 
tank was made by cutting a piece of quarter inch iron plate 
to the size of the flange and drilling holes corresponding 
to the flange bolt holes. A neoprene gasket was used to 
seal the plate to the tank. A one inch coupling was welded 
to the plate for the acetone vapor exit. A quarter inch 
coupling was welded into the side of the tank about a foot 
from the bottom for the the~C>o.ouple ·~ ·;_ The heating tank, 
vapor line and si p,ht glass connecting lines were lagged 
with magnesia insulation. The heaters used to vaporize the 
acetone were 1000 watt in:mrrarsion heaters; one of them was 
connected directly across a 110 v. circuit, while the second 
one was connected in series with a var~ble voltage instr~ 
8 
ment {Variac). There were two precautions which had to be 
ob:S:er:ved<l with this arrangement. First, cauti~n was neces-
sary to insure that the liquid level in the heating tank did 
not :fall below the le~el of the innners·ion heaters (20 inches) 
or the heaters would be burned out. Secondly, the voltage 
on the Variac had to be ke.pt below 70 or the current in the 
heating circuit would exceed the rating o:f the Variac. 
The piping :for the inlet water, inlet and exit air were 
arranged thrOUgh manifoldS at theisF:front Of the tower SO tba t 
the control valves could be centralized on a control panel. 
The piping arrange~.nt is shown schematically in . Figure 1 
and pictorially in ~igures 2 and 3, where a front view show-
ing the control panel is presented in Figure 2 and a side 
view showing the acetone vapo~izer is presented in Figure 3. 
The exit liquid control was located at the back of the 
tower to facilitate drainage of the liquid product. The 
outlet control valves were at ground level to aid in main-
taining a liquid seal in the bottom of the tower. 
Sample lines were installed in the six inch gas inlet 
line, the twelve inch gas inlet line, and the combined gas 
exit line. 
A supply. tank f'or a,cetone ·was made :from a .p~ve o-allon 
. J. ..1.. t _:, 
can and located above the ace~one heater. This was equipped. 
with a :funnel and valve f'or pouring the acetone into the tank, 
and , . also v1ith a compressed air l:.i.ne so that the acetone could 
be forced into the acetone heater under pressure while the 
tower was .in p.;pe~.~Jii :on ~ · · The air line . S'U.pplying the .pressur~ 
9 
to the reservoir is also the air .drain line to drain any con-
densed rnoisture :t'rom thE? air line be:t'ore starting operation. 
In this way, it insures ~hat too much pressure is not added 
to the reservoir, as most of the air from this line exhausts 
to the ~tmosphere. The control valve for this line is also 
located on the panel board.. 
The exit gas line for both towers goes through a spray 
chamber in which a stream of water is directed to remove any 
,a:c,etone vapor that is left in the. exit gas, ·therefore preven-
ting the vapor from being . exhausted to the atmosphere and 
establishing a fire hazard. 
Straightening vanes were installed in the air line pre-
ceding the orifice to insure an absence o:r turbulent flow.- · 
These vanes were mad-e by installing ·twelve pieces o:r one-eigth 
inch pipe in~· a piece of one and a half inch pipe, five inches 
long. These lengths of one.;..eighth inch pipe .. were tacked to-
gether and to the shell by spot wilding. A short mixing 
seotionwas installed in both gas inletlines, preceding the 
sampling lines, by drilling four holes in the pipe and cross-
ing two pieces of welding rod inside the pipe. The small 
holes were then welded up and the "cross hairs" were used to 
support ten or twelve quarter inch raschig rings. 
The water was measured by means of a orifice and man-
ometer. Two orifices were used, one for the six inch and the 
other for the twelve inch tower. The size of the orifices were 
estimated _by the use of the formula: 
0 0-(2aN£ = 1~ - u& 
where C0 is the orifice coefficient, taken as 0.61, &I is 
:feet of' fluid head, and g = 32.2 ft/sec 2 • A diameter of' 
10 
the orifice was e~imated and the velocities calculated. ~ 
was then solved :for in terms of some appropriate manometer 
fluid and, a trial and error solution was then used to give 
the best manometer fluid and size of' the orifice. Ethyl 
iodide was decided upon as a manometer :fluid, thirteen 
sixty-fourths o~ an inch :for the diameter of the six inch 
orifice and one fourth of an inch for the diameter of the 
twelve inch orifice. Both ori:fice.s were installed and in-
dividually calibrated by weighing the amount of water flowing 
for any given manometer reading. The orif'ic·es were cut so 
that the outside diameter was an exact :fit with the · bolts in 
the flange, ·therefore insuring that the orifices were centered 
when installed; ·this being possible without the remov~l of 
all of the bolts. A small tab was left on one edge of the 
orifice plate so that it could be ·easily slipped in or out of 
the flanges by removing one bolt and loosening the other three. 
The orifices were calculated as prescribed by the Ameri-
can Society of Mechanical Engineers{9). This was done by 
{9) American Society of' Mechanical Engineers, Standard Orif-
ices. "Fluid 1~eters, the-ir Theory and Ap:plicationsn, 4th 
ed. part 1 (1937) 
American Society of' Mechanical Engineers, Standard Orif-
ices ''History of Orifice ]~feters and the Calibration, Con-
struction, and Operation ot Orifices for J:;Ietering, "(1935) 
trial a .nd error calculation method of' solution by solving the 
equation: q (ft3/sec) = 0.06068KY1D~ fiWTi 
PlGy 
where: 
q = amount of' air 
K = orifice coefficient 
Y1= expansion factor 
D2= diameter of the orifice in inches 
~ inches of water 
T1= temperature of the air, upstream in psia 
P1= pressure of theair, upstream in psia 
G = speciric gravity of' air = 1 
y = supercompressibility factor = 1 
11 
The equation Vv<?-S solved for the maximum air flow with 
a desired manometer reading. K was taken from interpolation 
of' data given · in the above references. These data were a 
function of Reynolds number (Re) and , which is the ratio 
of D2/D1 where n1 is the diameter of' the pipe. Assuming a 
value of' D2 and solving for the Re, a value of K was taken 
from the correlated data. Solving the above equation for K 
and plotting the differences in K'·s against , gave the cor-
rect value of to be used, therefore giving the correct ori-
fice size. Then by knowing the orifice diameter, the orifice 
was calibrated by plotting K vs. Re and selecting the correct 
value of K for any given flow rate. This method was used for 
the orifices on the six inch tower and the twelve inch tower. 
The orifice for the ·six inch to·wer was 0.456 inches diameter, 
and \VaS O.S52 inches in diameter for the tvvelve inch tower. 
The orifice on the three inch tower was calibra~ed by using 
a ca~ibr.a~ed rot.ameter. The rotameter calibrations were 
checked by the dilution method, using co2 as the d11uent 
and analysing the exit g e:1.s ror the perc entac;e o:f Co2 • This 
checked the calibration curves of the rotameters, so they 
were assumed to be correct. The rotameters were then used 
12 
to check a few points for the lower air rates on the six inch 
tower. These checked the mathamatical calibrations, so they 
too, were assumed to be correct. 
The three inch tower was constructed or three inch nom-
inal size medium wall glass tubing, four feet long. (See 
Fig. 4) A support plate was made by attaching a drilled 
plate to the top o:r the inlet gas tube. (See Fig 5) This 
s~pport plate was located six inches from the bottom of the 
colmnn. The liquid distribution nozzle, constructed by drill-
ing holes in a small oil can, was six inches from the top. 
(See Fig 6) The . height of the packing Vvas thirty-six inches. 
The vaporizer for the three inch tower was a three 
necked round bottom, one ·liter glass flask with a one liter 




In operation of the three inch tovver, it was discovered 
that a material balance o:r the runs vvould not check . This 
was also experienced by Othmer and ScheibelllO) in their runs 
Othmer and Scheibel, Trans. Am. Irist. Chem. Engrs. 31, 211(1941) 
with acetone and they attri·buted. it to . ac·atone liquid creep-
ing up the walls o:f the inlet gas san1pling line. rrhey reco-
mmended putting a trap in t .he line to insure against this. 
traps were tried in the gas ;sampling lines and the material 
1.3 
balances still wouldn't check, but they showed a definite 
improvement. Therefore for calculation purposes, a calcu-
lated value of the inlet gas sample was used. This was done 
because trouble of this sort in previous work was found to 
be in the gas inlet samples. The gas inlet sample vvas taken 
by means of a 100 cc gas buret, and the gas outlet sample was 
taken with a 500 cc buret. The gaswas collected over water 
and the acetone absorbed in the water by shaking the burets. 
The liquid sample was taken with a 2 cc pipette from a res-
ervoir in which the liquid exit was allowed to collect. 
The analysis was made by the Messinger method in which 
the acetone was converted to iodoform by the addition of 
iodine in a basic solution of the sample. ~er allowing the 
sample to stand for thirty minutes, it vms made sli~fltly acid 
and the excess iodine titrated with sodium thiosulphate. The 
weight of the acetone was then calculated from the amount of 
iodine used in forming iodoform. 
The flooding velocities were calculated f'rom the data of' 
Lobo, Friend, Hashmell and, Zenze, Op. Cit., p. 3 by means of' 
the a/F3 factor. Weight of' a number o~ the packing particles, 
\Vas measured, the area per unit particle calculated and ~.:-­
w·eighing the :packing added the area per unit vol:illhe detennined, 
the volume of the packed section vvas calculated, and this en-
abled a square foot contact area per cubic f'oot of: packed vo1mne 
to be calculated. F, fraction voids, was round by filling the 
tower with water, and measuring the amount displaced by the 
rings. For the three inch tower, a was f'ound to be 225.5 f.t 2 
per cubic foot, Y was 0.598 and a/pJ was 1,050. For the twe1ve 
14 . 
inch to·wer, a was 56.1, F was 0.755, and a/F3 w-as 130.3. For 
the six inch tower, a was .104.2, F was 0.0653 and a/F3 was 315. 
All rings were allowed to fall into the tower while the tot,ver 
was filled with water to enable a free fall and to prevent 
breakage. 
DATA AND RESULTS 
In the determination of Kga, ninety-five runs were takem 
on the three towers. They were made at the following different 
liquid and gas rates: 
L d: 1250 
G = 70 









L = 750 L= 500 




The data from the runs are listed the tables, I and II. 
Table I contains the rates of flow and the temperatures of the 
;~ . 
inlet and outlet liquid and gas. Table II contains the · conc:en-
trations of the samples along with their mol fractions and the 
resultant Kga's. The results are plotted in Figures 7, 8, 9, 
and 10. 
The liquid and gas rates listed above and in table I 
are in the units of lbs/(hr){ft2 cross section of tower). 
15 
DISCUSSION 
Since the outlet concentrations vrere considered the mostt 
accurate, the gas inlet concentrations were calculated on the 
basis of' the outlet concentrations and were used in the deter-




G ( Y1 - Y2 ) = Kga 1 . (D.Y)lm 
since = L ( X1 - X2 ) 







* Y1 - Yt - Y2 
-
Y_.l_...-_Y....:IE:..*-ln Y2 
y* was taken f'ram the equilibrium data of' acetone at 
25°c ~, ,- assUllling gas film controlling. This temperature was 
chosen because that was the best average of' the water te~peDa­
tures throughout the towers. The results showed considerable 
scattering. From an analysis of' the equipment used, and the 
f'act that the packing f'actor {a/F3) ts greatest for the three 
inch tower than the six inch or tvvelve inch, it r!1ight be ex-
pected that the mass transfer coefficient would be highest 
f'or the three inch tow·er and lnr.rest for the twelve inch to-vver. 
For the runs at I, = 500 (see Figure 7), this is seen to be 
the case. For L = 750, the curves for the three inch and six 
16 
inch are very close, ·with the twelve inch well below·. Essenti-
ally the same situation exists tor a liquid rate. ot 1000 (see 
Figure 9). At L . = 750, the data are scattered .so that it appears 
that the situation is reversed with the values of Kga tor the 
six inch tower lying above those tor the three inch tower. 
It can be s.een, then, that the data shows the trends that 
would be expected. However, the data scatters so that the re-
sults· can not be .considered concl~sive and should have some 
:fUrther supporting data. 
SUMMARY AND CONCLUSIONS 
An inv~stigation of the effect of tower· size on the mas·s 
transfer coefficient has been conducted using absor~tiQn tow~rs 
of three different di~ of . acetone from an air- 1iower diamete~ 
to packing diameter maintained constant at 12 to :1. The 
system s~udied was the absorption of acetone fram an air-
acetone mixture by water. Ninety-si.:; runs were made covering 
liquid .rates from 500 to 1250 lb./hr.-:rt2and gas r~tes from 
50 to 200 lb./hr. -:r:e2. It was found that the trend v1as for 
the larger tower to show a lower mass transfer coefficient 
than the other towers. The separation of the data tor the 
three inch and six inch towers was not clear-cut. More data 
is desirable .• Exploratory pressure drop measurements on the 
three inch tower packed with one fourth inch Raschig rings 
indicated t.nat existing flooding correlations break down ·badly 
tor. this ·s'i~e towe.r ·and - packing. 




TABUlATION OF EXPERIMENTAL DATA (TEMPERATURES) 
Run G L T°F. T°F. T°F. T°F. 
No. lb. 2 lb. Gas Gas Liquid Liquid (hr. ) (tt. · ) {hr. )(ft. )2 Inlet Outlet Inlet Outlet 
1 200 500 91 83 72 90 
2 200 500 91 83 72 90 
., 200 500 91 83 72 90 
.4 160 500 91 83 72 90 
5 160 500 90 80., ';_ • ; 72 100 
6 160 500 90 80 72 100 
7 130 500 88 80 72 75 
8 130 500 80 80 72 97 
9 130 500 80 80 72 100 
10 80 500 72 85 72 80 
11 80 500 72 85. 72 80 
12 140 750 98 83 70 100 
13 140 750 93 83 70 98 
14 140 750 95 85 70 100 
15 120 750 98 85 70 100 
16 120 750 90 86 70 92 
17 120 750 96 88 70 100 
18 100 750 92 88 70 92 
19 100 750 98 88 70 101 
20 100 750 85 88 70 95 
21 80 750 90 90 70 90 
22 80 750 98 88 70 105 
23 80 . 750 100 90 70 105 
lS 
TABlE I (CONTINUED) 
TABUlATION OF EXPERIMENTAL DATA (TEMPERATURES) 
Run G L 'i'Op'. T°F. T°F. '!'oF. 
No. lb. l b. Gas Gas Liquid Liquid 
(hr.) (ft.2) (hr. ) ( rt. 2 ) Inlet Outlet Inlet Outlet 
24 100 1000 82 85 70 85 
25 100 1000 95 85 70 90 
26 90 1000 70 84 70 75 
27 90 1000 72 85 70 78 
28 80 1000 76 90 72 as 
29 ·.·eo 1000 72 88 72 80 
30 70 1000 72 85 72 80 
31 70 1000 72 85 72 80 
32 70 1250 72 85 72 78 
33 70 1250 75 85 72 7B 
3lf. 60 1250 75 85 72 78 
35 60 1250 75 85 72 78 
36 50 1250 78 88 72 75 
37 50 1250 76 85 72 80 
38 200 500 84 80 72 80 
39 200 500 8:5 80 72 80 
40 160 500 83 80 72 80 
41 160 500 85 80 72 80 
43 130 500 90 82 72 82 
44 80 500 86 80 72 80 
45 80 500 86 80 72 72 
46 140 750 85 80 72 80 
47 140 750 85 78 72 80 
48 120 750 85 78 72 75 
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TABlE I (CONTINUED) 
TABUlATION OF EXPERIMENTAL U.TA (TEMPERATURES) 
Run G L ToF. '!'C?. Toll'. Toll'. 
No. lb. . lb. Gas Gas L1qu1d L1qu1d (hr. ) ( tt. 2 ) (hr.)(f't. 2 ) Inlet Outlet Inlet Outlet 
49 120 750 84 78 72 78 
50 100 750 82 78 72 78 
51 100 750 82 78 72 78 
52 80 750 82 78 72 72 
53 80 750 82 78 72 79 
54 100 1000 80 78 72 73 
55 100 1000 80 77 72 79 
56 90 1000 76 75 72 78 
57 90 1000 78 75 72 78 
58 80 1000 78 75 72 78 
59 80 1000 78 75 72 78 
60 70 1000 78 75 72 78 
61 70 1000 78 75 72 78 
62 70 1250 78 75 72 75 
63 70 1250 78 75 72 75 
64 60 1250 75 75 72 70 
65 60 1250 75 75 72 72 
66 50 1250 75 75 72 72 
67 50 1250 78 75 72 72 
68 150 500 84 82 76 86 
69 150 500 84 82 76 86 
70 125 500 82 80 75 87 
71 125 500 83 80 75 87 
72 100 500 81 78 70 86 
1'3 100 soe 81 78 70 86 
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TABLE I (CONTINUED) 
TABUlATION OF EXPERIMENTAL DATA (TEMPERATURES) 
Run G L '!'oF. T°F. '!'oF. Toll'. 
No. lb. lb. Gas Gas Liquid Liquid (hr. ) ( ft • 2 ) (hr.)(f't. 2 ) Inlet Outlet Inlet Outlet 
74 80 500 81 78 70 86 
75 80 500 81 78 70 86 
76 50 1250 82 ·8o 70 86 
77 50 1250 85 80 72 86 
78 70 1250 79 78 73 84 
79 70 1250 79 78 73 84 
80 60 1250 79 80 72 86 
81 60 1250 85 80 72 86 
82 80 750 82 78 70 86 
83 80 750 · 82 78 70 86 
84 100 750 83 82 70 94 
85 100 750 90 85 70 92 
86 120 750 89 a-, 70 9lt-
87 120 750 90 as 70 92 
88 70 1000 84 80 73 86 
89 . 70 1000 84 80 73 86 
90 80 1000 79 80 70 80 
91 80 1000 83 80 70 80 
92 90 1000 85 79 70 80 
93 90 1000 79 79 70 85 
94 60 1000 79 79 70 85 
95 60 1000 85 79 70 83 
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TABLE II 
TABULATI01i OF EXPERIMt5NTAL .A~D CALCULATED RESULTS 
Run Inlet Gas Outlet Gas y. yl y2 Outlet xl K a No. Cone. Cone. 1 Aeet. Liquid g Measured Oalcula ted Moles Moles 
g./100 cc. g./lOOcc. Moles Acet. Meles Acet. Mole Air Cone. Acetone 
Mole Air Mole Air g./2cc. per 
Mole H20 
1 0.01705 0.0315 0.0810 0.1140 0.0283 0.1263 0.0213 4.56 
2 0.03575 0.0208 0.1861 0.1861 0.0185 
~ 0.03400 0.0272 0.1760 0.0967 0.0244 0.270 0.0179 ~.50 
.. 
4 O·e0556 0.0253 0.324 0.1366 0.0227 0.344 0.0226 4.54 
5 0.01077 0.0238 0.0500 0.1201 0.0211 0.117 0.01966 3.12 
6 0.00876 0.0283 0.0403 0.0403 0.02525 
7 0.03335 0.0632 0.1725 0.1764 0.0582 0.1150 0.01910 2.01 
8 0.0478 0.0217 0.2661 0.1586 0.01923 0.333 0.0225 4.21 
9 0.0575 0.0210 0.3335 0.1660 0~01860 0.352 0.0238 _4.38 
IO 0.01560 0.0004 0.0723 0.0516 0.00033 0.0329 0.00511 3.47 
11 0.01500 0.0004 0.0717 0.0523 0.00035 0.0325 0.00519 3.56 
··!!~ · 0.0107 0.02145 0.0513 0~2383 0.01920 0.1510 0.02547 4.62 
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TABLE II (Continued) 
Run Inlet Gas Outlet Gas . yl y y2 Outlet xl K a 
No. cone. Cone. Meas. caic. Liqu~id · Mol§/hr/ft~atm. 
g./100 cc. g./500 cc Cone. 
g.L2cc 
14 0.04779 0.0178 o'.2'745 0.2326 0.0'768 0.1488 0.0251 4.53 
15 0.05134 0.0204 0.317 0.2761 0.0183 0.1526 0.0257 4.16 
16 0.05051 0.0179 0.291 0.2599 0.0161 0.1448 0.0243 4.29 
17 0.0562 0.0108 0.3385 0.3023 0.0097 0.1545 0.0292 5.37 
18. 0.05989 0.0105 0.369 0.3127 0.0094 0.1499 0.0252 4.43 
19 0.06279 0.0090 0.398 .().2994 0.0080 0.1442 0.0242 4.57 
20 0.0591 0.0081 0.353 0.3106 0.0072 0.1499 0.0252 4.75 
.... ~' 
21 0.07724 0.0140 0.526 0.3461 0.0126 0.1309 0.0222 . 3.23 
22 0.07279 0.0077 0.492 0.3945 0.0069 0.1528 o.o2S:~ 3.99 
... 
23 0.07804 0.0061 0.549 0.3754 0.0055 0.156~ 0.0246 4.17 
. '. 
24 0.05674 0. 0007 0.332 0.4052 0.0006 0.1495 0.0252 7.91 
25 0.05858 0.0011 0.357 0.3047 0.00095 0.1145 0.0189 7.10 
~'7 0.00998 0.00028 0.0449 0.0304 0.00024 0.1083 0.00169 6.37 
--· ....... -...... ~ 
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TABLE II (Continued) 
Run Inlet Gas . o\ltlet Ga~ ~ · yl y2 Outl e~ xl K a Mol§/hr/f t2/ a 
I;· No. Cone~ Cone. · L+qu1d . atm ·,: g./100 co~ g./100 cc~ Meas~ Calc. Cone~ g•/2oc., 
28 0~01009 o~omoao 0.,065! 0,0449 o.ooo2~ o.oi4:t8 o.oo22.3 4~92 
29 0~01183 o.ooo2s 0_,0536 0.0419 0.00025 0,01324 0.00208 4~92 
30 0,01316 0~00018 0~0601 0.0512 o.ooo16 o,ol437 b o~oo226 4~88 
31 o •. ol479 o.ooo27 o.o6ao o.o563 :·-o.ooo24 o~o1561 0~00245 4.53 
32 0.01011 0,00018 0~0455 o.o742 0.00016 0~01646 o.oo259 5,.02 
33 0~03419 o.oooo4 0,1738 o.os21 o,oooo3 o~Ol837 0,00287 6,39 
34 0.01682 o.ooo4o 0 ~0?'86 0.0711 0.00021 0~01354 o;oo212 4~04 
35 o.Ql856 0~00018 0.08?8 o.lo32 0~00016 0~01959 0,00308 4~49 
36 ooom716 o.ooo17 O,OS07 0.1120 o.oool5 o •. o1 774 o.oo279 3,77 
37 0,01850 0,00014 0,0879 0,1204 0~00012 0,01908 o.oo3oo 3.97 
38 0.01054 0~01687 0~0489 0,0558 0~01505 0~06438 o;olo35 4.06 
39 0.01176 0.01437 0.054? 0.0509 0,012?9 0.06092 0,009?9 4.51 
40 0,01432 o.o2068 o.o675 e.os97 0 •. 01850 0.06494 o-ol038 3.18 
41 0.01625 0.01?86 O.fl777 0~0700 0.01590 0.06786 0.01097 3.55 
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TABLE II (Continued) 
Run I~et Gas Outlet .Gas y . y y Outlet xl Kg a No. Cone. Cone. 1 · 1 ' 2 Liquid 
g./lOOcc g./500 co Meas. Calc. Cone. Mols/hr/:t't2/ 
...... 
g./200 cc Atm 
43 0.04099 0.01821 0.224 o.o790 0,01632 0,06174 0.00992 2.?9 
44 0,04205 0~01674 0~120 o,ml83 0,01490 0,06603 o,olo33 2.19 
45 0.02242 0,01549 o.110 0,1167 . o.oosao 0,06381 0,01028 2,26 
46 o.ol60o O~oll36 0,0762 o~ ·o858 0.01365· o•o5255 · o;ooas9 3~45 
4~ 0.01514 0,01614 o.o748 0~0838 0~01430 0.05059 0.00808 3,27 
4S 0.01617 0~01516 0.0772 0,0891 0.01330 0.04727 0.00756 3,00 
49 0.01781 0.01624 0.08555 0,0985 0.01440 0.05238 0,00839 3,03 
50 0.01987 0,01489 0.0960 0.1200 0,01317 0,05522 0,00885 3~97 
51 0,01988 0.01539 0,0960 0.1028 0.01362 o.o4653 o.oo742 2,78 
52 0,02238 0.01436 0.1090 0~.1051 0,0119 0,03903 o.oo620 2.21 
53 0.02544 0.01447 0.1255 0.1449 0.0128 0.05494 o•ooa79 2.45 
54 0.01439 0.01850 0,0711 0.09046 0.01648 0,03076 0.00487 2,18 
55 0,01992 0,01419 0.0957 0,1988 o.ol252 0.03604 0~00571 2.57 
56 0.02254 0~01342 0.109 O.ll50 0.0118 0.0364? 0.00578 2.46 
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TABLE II (Continued) 
:aun Inlet G-Qs Outlet Gas Il Yl . y2 Outlet xl K a 
ma;. Cone. Cone. Liq:hid Mol§/hr/tt2/ 
g./lOOco g./500 cc Me as~ Calc. Cone. atm 
g./2co 
-
57 0.02287 0.01511 0~1110 0.1491 0~0133 0.04804 0.00761 2.?3 
58 0,02244 0,01656 0.1090 0.15?2 0.01459 0.06474 0,00?12 2,37 
59 0.02532 0.01356 0.1242 0.1591 0.04604 0.00734 0.010734 1.64 
I 
60 0,02930 0.01447 0~1469 0,1725 0~01276 0.04374 0,00697 1,44 
61 0.02913 0.00630 0.1460 0,1679 0.00548 0,04450 0100709 1,90 
62 0.02695 0.01410 0,1325 0~1845 0.01231 0,03788 o.oo602 1.48 
63 0 .• 02653 o.oo259 0.1299 0,1519 o,o2285 o.o2985 0,00472 1.04 
64 0,01502 0.00019 0.0693 0,1259 o.oo155 o.o2355 0.00372 2,05 
65 0.02607 0.00085 0.1268 0.1912 0.00073 0.03596 0.00570 2.602 
66 0,03546 0,00060 0.1801 012331 0.00052 0.03660 0.0058 2.343 
67 0.03477 0.00064 0.1725 0.2372 0.00055 0.03721 0.0059 2.343 
68 0.02040 0.01147 0~0978 0.1458 0~01015 0.14061 0.0254 6.180 
69 0.02066 0.01926 0.1000 0.1490 0.01717 0.14566 0.0245 4.900 
26 
TABLE II (Continued) 
Run Inlet Gas ·outlet Gas yl Yl y Outlet xl K a 
No~ Gono. Cone. Meas. Calc. 2 Liquid Mols~hr/ft2/atm 
. • g./100 oc. g./500 cc • Cone. 
g./2cc 
70 o.maama 0.00925 0,1435 0.1504 0.00814 0.1332 0.0222 5~380 
71 0.02243 0~01286 0~1096 0~153 o.oll38 0~13221 0~0221 4.74 
72 0.02573 0~00920 0.1271 0~-2013 0~00805 0~14371 0.0241 9.04 
73 0.02905 0,02434 0,1459 0~1632 0~01~41 0.11404 0,0188 3~59 
74 0•04042 0.00763 0~2165 0.2474 0.00666 0.14537 0~0241 3;94 
76 0.04316 0.01399 0~234.{) 0~2686 0~01228 o~15180 o;o256 3.315 
76 0,05830 0.01305 0.3455 0~4246 o;oll58 0.06369 0~01030 2~160 
77 o•o5540 0.01260 0.3230 0,4668 0~01132 o•o7035 o•oll35 2.225 
78 0.07260 o;ol43l 0;4180 0.2938 0~01240 0.06114 0~00984 2~655 
79 0.06280 0.01420 0.3805 0.3289 0~01262 0.06851 0.01106 2.782 
80 0.05368 0.01320 0,3115 0.3903 0.01272 0.07000 0.01130 2~374 
81 0.04545 0.01190 0~2520 0.3744 0.01053 o.o6756 o•o1ooo 2;500 
82 0.05007 0~01091 0.2830 0.3076 0.00955 0.11764 0.01980 3.532 
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TABLE. II (Continued) 
Run Inlet Gas Outlet Gas yl yl Y2 Outlet xl Kga 
No~ Cone~ Cone. Me as. Oalc. Liquid 
g./loo co. g./500 co. Cone. Mols/hr/t.t2/a 
g./2cc 
. 93 0.04052 0,01123 0~21?5 0~2994 0~00983 0.11639 0.1924 3~495 
84 0,04608 o.1465 0.2553 0,2794 o;o1305 0,13269 0~02214 3~993 
85 o;o52?9 0~01464 0~3085 0.2538 0~01315 0~12050 0~02000 3~863 
86 0.05240 0.01346 0.3063 o;2122 0.01201 0.12046 0.01999 4.690 
87 0~02343 0~01525 0,1272 0.1991 0~01366 0.1121 0.01850· 4~312 
88 0.05258 0.00228 0.3195 0.2910 0.0019?5 op?92 0~01261 3~010 
89 0.04870 0.00158 0~2710 0~2992 o.ool366 0~08003 0~01300 4.680 
90 0.04153 0~00150 0,2205 0,2140 0~001316 0.06777 0~01061 5.135 
91 0~03776 0,00141 0,1983 0.1971 0.001215 0.06083 0~00977 5.136 
92 0.02843 0~00129 0~1428 0.1778 0~001109 0.06150 0.00989 5~800 
93 0~04280 0,00104 0.2285 0~2105 0~000907 0,07252 0~01173 6.220 
94 0.06930 o.oo110 0~4310 0.1733 0.000958 0.04046 0.00643 3.822 
95 o•o7989 0~00110 0.0539 0.3296 0~000958 0.07572 0.01226 4~313 
Fig. 1. 
1. Air Filter 
2. Acetone supply tank 
3. Acetone vaporizer 
4 • . Variac f'or acetone heater 
5. · Sight gla·ss 
6: Six inch tower 
?. Spray chamber 
8. Tv;elve inch tower 
9. · Thermocouple 
10. Pressure gage 
11. 0rifice 
12. Manometer-
Runs :1 ~hrougb. ;.- ;37 .•. _ • .- ••••••• . ~ :; •. :• t • •.•. ~:-:; ~ -~-:~• -:• _ ~/~ : -~i -/,$1X_ in~h·:}~~ iver 
Runs :f~ , ~JK~~~~ 6'7,t. •: •••• ;; . ' ~ ,•. ;~ • •.•.;<,.:;" t:W~lire . ilil:ih t~we:r 
. . · . , .- · ' . ' . . 
· Rtms 68 thro:ugh · 9$ .• ·• ~ ••• ··-•:· •• · •••••• .•••••• three inch tower 
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2. 





















9. Figure 1. 




Fig. 2~ Front of six and t welve inch tower 
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Fig: 3. Vaporizer :for six a nd t welve i n c h tovrer 
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~ket.ch of' Packing S~ppQrt Plf.te.- fo.:r ~" Tower 
-...--- - -: ···--·- _____ .:..,. ____ -:--·------- - -:-:------ - - - ·--.r--.,.....· -~~-__;_.~_.;..;,,_.;-----1 
Figure s·. .Sketch of Liquid D1str1but1on Nozzle for 
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